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The Gerstmann syndrome of dyscalculia, dysgraphia, left-right confusion, and finger agnosia is generally attributed to lesions near
the angular gyrus of the dominant hemisphere. A 68-year-old right-handed woman presented with sudden difficulty completing a
Sudoku grid and was found to have dyscalculia, dysgraphia, and left-right confusion. Magnetic resonance imaging (MRI) showed
a focus of abnormal reduced diffusivity in the left posterior insula and temporoparietal operculum consistent with acute infarct.
Gerstmann syndrome from an insular or peri-insular lesion has not been described in the literature previously. Pathological and
functional imaging studies show connections between left posterior insular region and inferior parietal lobe. We postulate that the
insula and operculum lesion disrupted key functional networks resulting in a pseudoparietal presentation.
1. Introduction
S i n c eG e r s t m a n na s s e r t e di nt h ee a r l y1 9 0 0 st h a tas y n -
dromeoffingeragnosia,left-rightconfusion,dysgraphia,and
dyscalculia has localizing value, this complex of symptoms
hasgenerallybeenattributedtolesionsneartheangulargyrus
of the dominant hemisphere [1, 2]. The importance of group-
ing this set of symptoms and the localizing value, however,
has been challenged both by clinical experience and through
advancementsinimagingallowingformorepreciseanatomic
localization of deficits. Of the four originally described com-
ponents of the syndrome, dyscalculia is encountered most
frequently followed by left-right disorientation, dysgraphia,
and finger agnosia [2]. In addition to the originally described
left parietal focus, the syndrome, often with additional
deficits, has also been described in left posterior frontal,
temporal,occipital,andthalamiclesions[3].Herewepresent
a unique case of partial Gerstmann syndrome (dyscalculia,
dysgraphia,andmildleft-rightconfusion)originatingfroma
left posterior insular and temporoparietal operculum infarct.
2. Case Presentation
A 68-year-old right-handed woman with history of migraine
headaches and patent foramen ovale (PFO) on clopidogrel
presented with sudden onset of difficulty in completing a
Sudoku grid. (Sudoku is a game consisting of a 9 × 9g r i d
subdivided into nine 3 × 3s u b g r i d s .Th eo b j e c t i v ef o re a c h
s u b g r i d ,r o w ,a n dc o l u m ni st oc o n t a i nt h ed i g i t s1 – 9w i t h o u t
repetition.Thegametypicallystartswithapartiallyfilledgrid
havingauniquesolution.)Proficientatbaseline,sheabruptly
found herself unable to fill in the squares (Figure 1). She
reported difficulty in calculations and in using her pen. The
partially filled Sudoku shows incorrect attempts (Figure 1,
open black arrow), coarse writing (Figure 1,b l a c ka r r o w ) ,
and the number three written as mirror image (Figure 1,
hash mark arrow). Prior to coming to the hospital, she also
attempted to shave her legs. She had difficulty using the razor
and sustained several superficial lacerations to her left leg.
A tt h eh o s p i t a l ,s h eh a dg o o da t t e n t i o na n dc o u l ds p e a k
fluently and name, comprehend, repeat, read, and identify
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Figure 1: Sudoku grid patient was completing as she had stroke.
She played well initially but then could not finish the game. The
incomplete puzzle shows scrawled writing (black arrow), inverted
digit “3” (arrow with hash marks), and multiple incorrect attempts
(white arrow).
her fingers accurately. Her difficulty in writing persisted. For
example, intending to write “5,” she instead wrote “15” and
s h ew r o t e“ h o n g ”i n s t e a do f“ l o n g . ”S h ea l s oh a dd i ffi c u l t yi n
calculations and could not produce more than one correct
answer in a task of serial subtraction by sevens or calculate
amount of money in nine quarters. There was one error in
threeleft/rightdiscriminationtasks(incorrectlystatedleftfor
right). She also initially reported being left-handed instead
o fr i g h t - h a n d e d .Th e r ew a so t h e r w i s en ov i s u a lo rs e n s o r y
neglect of the left side, and there were no acute changes
in muscle strength, skin sensation, or coordination in her
limbs. Magnetic resonance imaging (MRI) performed eleven
hours after onset of symptoms showed a focus of abnor-
mal reduced diffusivity within the left posterior insula and
temporoparietal operculum consistent with acute ischemic
infarction (Figure 2).
Over the next two days, her ability to calculate improved
althoughshecontinuedtohavedifficultyinserialsubtraction
tasks and accurate completion of Sudoku grids. In poststroke
follow-up after three weeks, she reported twice daily sensa-
tion of a rising sense of heat in her body followed by period
of confusion and sense of doom. Electroencephalography
(EEG) showed bitemporal slowing worse on the left side.
Topiramate was initiated for presumed focal onset seizures,
and the periodic sensation of rising warmth abated though
difficulty with calculations persisted. Stroke workup includ-
ing 24-hour continuous electrocardiographic monitoring,
transthoracic echocardiography, and cervical and intracra-
nial MR angiography revealed only a known patent foramen
ovale. Subsequent imaging of the lower extremity and pelvic
veins showed no thrombosis, but May-Thurner anatomy was
noted.Forpresumedparadoxicalthromboembolism,shewas
s ta rt edo na n ti c oa g ula ti o nfi v eda y sa ft e rh e rs tr o k ewi thp la n
to continue indefinitely.
3. Discussion
Insular and peri-insular infarctions are known to produce
a wide range of motor disturbances, somatosensory syn-
dromes, and language deficits. In a meta-analysis of clinical
symptoms associated with peri-insular strokes from insti-
tutional case series and published cases (23 patients), the
predominant symptoms were dysarthria (10 patients, 43%),
somatosensory deficits (10 patients, 43%), and aphasia (10
patients, 43%) [4]. Sensory deficits were primarily numbness
and dysesthesia while aphasia consisted mostly of anomia
and phonemic paraphasias. Other less common manifesta-
t i o n si n c l u d e dav e s t i b u l a r - l i k es y n d r o m e( 8p a t i e n t s ,3 5 % ) ,
contralateral weakness (6 patients, 26%), dysautonomia (4
patients, 17%), and gustatory disturbances (3 patients, 13%)
[4]. The wide variation of symptoms in this series and
others is explained partially by whether the lesion affects the
anterior or posterior insula and by the laterality of the lesion.
Infarction of the posterior insular cortex has been linked to
contralateral pseudothalamic sensory syndrome as well as
pseudovestibular vertigo and fluent aphasia [4, 5].
Our patient, however, presented with profound dyscalcu-
lia accompanied by milder dysgraphia and left-right confu-
sion from a left posterior insular and temporoparietal oper-
culum ischemic infarction. None of these deficits have been
traditionallyattributedtoinsularorperi-insularinfarcts.The
ability to perform calculations—the patient’s most impaired
faculty—has been studied in both pathological and physi-
ological contexts. Lesion studies in patients with acquired
dyscalculia have primarily implicated the left parietal cortex,
particularly near the angular gyrus [6, 7]. Functional studies
of calculation show a more complex activation pattern. In a
task requiring subtraction by sevens, functional MRI (fMRI)
showed preferential activation of left dorsolateral prefrontal
cortex and bilateral inferiorparietalcorticeswhen controlled
f o rn u m b e rp r o d u c t i o n[ 8]. In a previous fMRI study with
less robust control of number production versus calculation,
bilateral activation in the parietal, prefrontal, and premotor
cortices was seen [9]. Studies of developmental dyscalculia
using magnetic resonance spectroscopy show signal abnor-
malities in the left temporoparietal region near the angular
gyrus [10].
Additionally, dyscalculia often occurs in the context
of Gerstmann syndrome [1]. Our patient had elements of
Gerstmannsyndrome,includingdyscalculia,dysgraphia,and
mild left-right confusion (one error in three tasks). She
did not have finger agnosia. The agraphia in Gerstmann
syndromecantaketheformofaphasicagraphiawitherrorsin
contentofwriting,apraxicagraphiamanifestedasascrawl,or
spatial agraphia seen as errors in management of positioning
of letters on paper [2, 3]. Our patient had aspects of apraxia
(poorlyformedletters)aswellasaphasia(lettersubstitutions)
in her writing difficulty. As far as we know, Gerstmann
syndrome has not been previously described with insular or
peri-insular lesions.
Our patient consequently had a pseudoparietal lobe
presentation from a posterior insular and temporoparietal
opercular infarct. Based on animal and human pathological
studies, the insula is known to have extensive connectionsBehavioural Neurology 3
(a) (b)
Figure 2: Magnetic resonance imaging (MRI) shows abnormal reduced diffusivity (a) and T2 hyperintensity (b) in the left posterior insula
and temporoparietal operculum.
both to the cortex and deep structures [11]. With the frontal
lobe, the insular cortex has reciprocal connections with
frontaloperculum,orbitofrontalcortex,andprefrontalcortex
andhasefferentconnectionswithfrontalcortexadjoiningthe
motor areas, inferior frontal gyrus, ventral granular cortex,
and Brodmann areas 6 and 12 [12].Withtheparietallobe,the
insula has reciprocal connections with the anterior inferior
parietal cortex, parietal operculum, primary and secondary
somatosensory cortex, and parietal retroinsular region [11].
In a fMRI study of resting insular-parietalnetwork in control
subjects, the left posterior insular cortex activity correlated
positively with bilateral inferior parietal cortices [13]. The
anticorrelated network of the left posterior insular cortex
included bilateral precuneus regions of the parietal lobe. The
right posterior insular cortex correlated with the adjacent
parietaloperculumbutdidnotcorrelatepositivelyoranticor-
relate with other additional regions in the parietal lobe [13].
Asidefromthefrontalandparietalconnectionsdescribed
above, the insula also has rich connections with the temporal
lobe, cingulate cortex, limbic structures, and multiple thala-
mic nuclei [11]. To explain our observed pseudoparietal syn-
drome,weproposethattheinfarctdisruptedtheconnectivity
between theleft posteriorinsular cortexandbilateral inferior
parietal lobe regions. With the acute loss of modulating
influences from the insular lobe, the patient presented with
parietal lobe dysfunction similar to what would be expected
from a lesion in the inferior parietal lobe. Since the insular
cortexisalsoconnectedwithmultipleotherregionsincluding
the frontal and temporal lobes, the mechanism of parietal
lobe dysfunction may alternatively involve more indirect
mechanisms of disrupting frontoparietal or temporoparietal
circuitry. An alternative explanation is that the ischemic
penumbra of the patient’s infarct included the left inferior
parietal cortex. While such an explanation could account for
her initial symptoms, we would not expect her to have long-
term persistent deficits with an infarct restricted to the left
peri-insular region.
This patient’s poststroke course was complicated by pre-
sumed insular or peri-insular seizures manifesting as auto-
nomic sensations of warmth followed by feelings of doom
andconfusion.Theinitialautonomicsignsareconsistentwith
a peri-insular epileptic focus though similar ictal sensations
c a nb ec a u s e db yl e s i o n si nt h ea m y g d a l a ,a n t e r i o rc i n g u l u m ,
and supplementary sensorimotor areas [14]. Her autonomic
sensation was followed by the psychic sensation of fear,
which has been linked during brain stimulation studies to
activation of the amygdala, hippocampus, temporal cortex,
and mesial temporal region [15]. In her case, the fearful
sensation probably represented spread of the epileptic focus
from the insular region to other temporal lobe structures.
While her EEG did not show overt seizures or abnormal
electrographic discharges, epileptic foci in the insular region
can often manifest solely as slowing on surface EEG [16].
The dyscalculia was not likely an ictal phenomenon since it
persisted despite antiepileptic drug therapy and cessation of
the spells of confusion.
This unique presentation of pseudoparietal syndrome
and “dys-sudokia” resulting from a left posterior peri-insular
infarct raises a few final points. The patient presented to the
hospital about eleven hours after the onset of symptoms. She
already had abnormal T2 hyperintensity in the region of the
infarct suggesting that the infarct had been present for at
least several hours. She may have had additional symptoms
that were not noticed or reported. Furthermore, her MRI
also had scattered abnormal T2 hyperintensities throughout
the subcortical and periventricular white matter, without
reduceddiffusivity.Theseabnormalitiescouldrepresentprior
subclinical pathological changes which influenced the pre-
sentation of this infarct. Finally, without functional imaging4 Behavioural Neurology
data we are not certain of her hemispheric dominance with
respect to language. Even in extreme right-handed healthy
subjects, right brain language dominance is present in about
4%whenincr easedbloodflo wisusedasasurr oga teforb rain
activity [17]. Altered dominance or even codominance could
have influenced her initial symptomatology.
Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.
References
[1] J. Gerstmann, “Some notes on the Gerstmann syndrome,”
Neurology,v o l .7 ,n o .1 2 ,p p .8 6 6 – 8 6 9 ,1 9 5 7 .
[ 2 ]R .F .H e i m b u r g e r ,W .D e m y e r ,a n dR .M .R e i t a n ,“ I m p l i c a t i o n s
of Gerstmann’s syndrome,” Journal of Neurology, Neurosurgery,
and Psychiatry,v o l .2 7 ,p p .5 2 – 5 7 ,1 9 6 4 .
[3] E. Mayer, M.-D. Martory, A. J. Pegna, T. Landis, J. Delavelle,
and J.-M. Annoni, “A pure case of Gerstmann syndrome with
a subangular lesion,” Brain,v o l .1 2 2 ,n o .6 ,p p .1 1 0 7 – 1 1 2 0 ,1 9 9 9 .
[ 4 ] F .L e m i e u x ,S .L a n t h i e r ,M .C .C h e v r i e r ,L .G i o i a ,I .R o u l e a u ,C .
Ceredaetal.,“Insularischemicstroke:clinicalpresentationand
outcome,” Cerebrovascular Diseases Extra,v o l .2 ,n o .1 ,p p .8 0 –
87, 2012.
[5] C. Cereda, J. Ghika, P. Maeder, and J. Bogousslavsky, “Strokes
restricted to the insular cortex,” Neurology,v o l .5 9 ,n o .1 2 ,p p .
1950–1955, 2002.
[ 6 ]H .D u ff a u ,D .D e n v i l ,M .L o p e se ta l . ,“ I n t r a o p e r a t i v em a p p i n g
of the cortical areas involved in multiplication and subtraction:
an electrostimulation study in a patient with a left parietal
glioma,” Journal of Neurology Neurosurgery and Psychiatry,v o l .
7 3 ,n o .6 ,p p .7 3 3 – 7 3 8 ,2 0 0 2 .
[7] L.Cohen,S.Dehaene,F .Chochon,S.Leh´ ericy,andL.Naccache,
“Language and calculation within the parietal lobe: a combined
cognitive, anatomical and fMRI study,” Neuropsychologia,v o l .
3 8 ,n o .1 0 ,p p .1 4 2 6 – 1 4 4 0 ,2 0 0 0 .
[ 8 ]P .B u r b a u d ,O .C a m u s ,D .G u e h l ,B .B i o u l a c ,J . - M .C a i l l ´ e, and
M. Allard, “A functional magnetic resonance imaging study of
m e n t a ls u b t r a c t i o ni nh u m a ns u b j e c t s , ”Neuroscience Letters,
vol. 273, no. 3, pp. 195–199, 1999.
[9] L. Rueckert, N. Lange, A. Partiot et al., “Visualizing cortical
activation during mental calculation with functional MRI,”
NeuroImage,v o l .3 ,n o .2 ,p p .9 7 – 1 0 3 ,1 9 9 6 .
[10] L. M. Levy, I. L. Reis, and J. Grafman, “Metabolic abnormalities
detected by 1H-MRS in dyscalculia and dysgraphia,” Neurology,
v o l .5 3 ,n o .3 ,p p .6 3 9 – 6 4 1 ,1 9 9 9 .
[11] J. R. Augustine, “Circuitry and functional aspects of the insular
lobe in primates including humans,” Brain Research Reviews,
vol. 22, no. 3, pp. 229–244, 1996.
[12] J. R. Augustine, “The insular lobe in primates including
humans,” Neurological Research,v o l .7 ,n o .1 ,p p .2 – 1 0 ,1 9 8 5 .
[ 1 3 ]C .X i e ,F .B a i ,H .Y u ,Y .S h i ,Y .Y u a n ,G .C h e ne ta l . ,“ A b n o r m a l
insula functional network is associated with episodic memory
decline in amnestic mild cognitive impairment,” NeuroImage,
v o l .6 3 ,n o .1 ,p p .3 2 0 – 3 2 7 ,2 0 1 2 .
[14] N. Foldvary-Schaefer and K. Unnwongse, “Localizing and lat-
eralizing features of auras and seizures,” Epilepsy and Behavior,
v o l .2 0 ,n o .2 ,p p .1 6 0 – 1 6 6 ,2 0 1 1 .
[15] D. R. Fish, P. Gloor, F. L. Quesney, and A. Olivier, “Clinical
responses to electrical brain stimulation of the temporal and
frontallobesinpatientswithepilepsy.Pathophysiologicalimpli-
cations,” Brain,v o l .1 1 6 ,n o .2 ,p p .3 9 7 – 4 1 4 ,1 9 9 3 .
[16] D .K.N guy en,D .B .N guy en,R.M alaketal.,“ Revisi tin gther ole
oftheinsulainrefractorypartialepilepsy,”Epilepsia,vol.50,no .
3 ,p p .5 1 0 – 5 2 0 ,2 0 0 9 .
[17] S. Knecht, B. Dr¨ ager, M. Deppe et al., “Handedness and
hemispheric language dominance in healthy humans,” Brain,
vol. 123, no. 12, pp. 2512–2518, 2000.